The optimal parameters determination of drilling in the Kosovo motorway project in Bellanica by Frasher, Brahimaj & Dambov, Risto
Proceedings  of the XV  INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 
03  –  07 JUNE  2019, VARNA, BULGARIA 
 
 
 
 
 
 
THE OPTIMAL PARAMETERS DETERMINATION OF DRILLING IN THE KOSOVO MOTORWAY PROJECT 
IN BELLANICA  
Frashër Brahimaj1, Risto Dambov2, Abedin Brahimaj3
1University “Goce Delcev”, FNTS, Stip, Macedonia, fibi232@hotmail.com  
2University “Goce Delcev”, FNTS, Stip, Macedonia, risto.dambov@ugd.edu.mk 
3University of Mitrovica “Isa Boletini”, FG, Mitrovica, Kosovo, a.brahimaj@hotmail.com  
ABSTRACT 
Drilling geometry parameters are of great importance when performing highway construction work, because 
this directly affects the volume of work to be performed and at the time of performing these works. The right 
determination of the drilling parameters will reduce the specific charge of explosive and increase the mined 
volume for drilling length. With the determination of drilling angle, it has been achieved to decrease the specific 
charge of explosive from 0.59 kg/m3 to 0.49 kg/m3 and to increase the mined volume for drilling length from 
6.533 m3/m to 7.467 m3/m.
Keywords: Blasting, specific charge, angle, volume, drilling. 
Introduction
In cases when the road passes to strong and hilly terrain, then we are obliged to open them with the 
help of the blasts, because it is impossible to dig them, as a result of the hardness of the material that builds 
that hilly part of the road. 
Based on what has been mentioned above, it becomes the limitation of the slopes of the track, 
determination the height of benches, the determination of the width of the benches for safety, the angle of the 
benches, determination the transport routes and the safety factor of the slope. The opening of the track is 
done with the aid of cutting trenches, dividing the track according to the designed height of the benches. 
The cutting trenches start at the highest point of the terrain through which the track passes, continuing 
towards to the track level.  
In this paper, will be elaborated the shortcomings of the variant when drilling is at angle 630, according 
to the project design and advantages of the other variant when the drilling is at angle 900, based on other 
drilling parameters such as: drilling diameter, drilling geometry, depth of drilling, making the schemes of drilling 
nets, length of charging, stemming length and type of explosive. 
The purpose of the paper is to treating these problems as mentioned above, to achieve good results 
during the blasting and to reduce the cost of blasting. 
Determination of drilling parameters
Determination of the drilling parameters is done in order to have a better breaking of the rock, 
maintaining the stability of the slope and not affecting the surrounding objects. 
Since we know that the European Standards for road construction are that the pieces of rocks do not 
exceed the size 500 [mm], this applies to place the material on the roadside base. In according on this are 
calculated all parameters of production drillings and are adopt like below. 
The calculations of drilling parameters 
The diameter of drilling calculated based on the diameter of pieces “Dp, and on the proportionality 
coefficient (k), the value of this is k = 0.1. 
dd = k  Dp              (1) 
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The burden is calculated based on the equation: 
ܹ ൌ ͷ͵ ή ݇௧ ή ݀ௗ ή ඨ
ο
ߛ
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Where are: 
kt - the coefficient that takes into account the state of the massive (cracks) and the energy losses due to them 
dd – the drilling diameter 
ǻ – the density of explosive 
Ȗ – the volumetric weight
The distance between holes in the row is calculated based on the coefficient of oncoming of the drillings        
(a = 0.75 ÷ 1.5), and to the burden (W), by the equation: 
a = m  W            (3)
The distance between rows is calculated based on the burden: 
b = (0.85 ÷ 1)  W              (4) 
The stemming length is calculated based on the distance between rows (b), by the equation: 
݈௦ ൌ ሺͲǤͺ ൊ ͳǤʹሻ ή ܾሺͷሻ
The length of sub drilling is calculated based on Langefors equation: 
lsd = (0.1 ÷ 0.3) · W                                                              (6)
The length of the drilling is calculated based on the equation: 
݈௖ௗ ൌ
݄ ൅ ݈௦ௗଷ
ߚ
ሺ͹ሻ
Blasting field plan Variant I 
The blasting field is in the form of a rectangle with following dimensions: length of the field is L = 56 m, 
the width Lt = 14 m, and the height is h = 10 m.
The said field has five drilling rows, with 20 holes in the row. The field in this exploitation place has in 
total 100 drillings with the 12 meters depths. The burden is appropriated W = 2.80 m, the distance between 
rows is appropriated b = 2.80 m, the distance between drillings in the row is appropriated a = 2.80 m, the angle 
of drillings is appropriated ȕ = 630, based on the project, and drilling diameter is appropriated dd = 89 mm.
For this case is prepared the schematic presentation of the field with drillings, and in this are presented 
surface parameters of the drillings, they can show in Figure 1. Also is prepared the profile of field with drillings 
and are presented drilling parameters, they can show in Figure 2, below. 
For this filed below in Table 1. are presented calculations with software MS Excel, for: 
1. Total length of drilling 
2. Quantity of explosive 
3. Blasted volume
4. Specific charge and 
5. Blasted volume from one meter of drilling 
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Table 1: Detonation specifications for exploitation place in Bellanica
Project "Kosovo Motorway Project" 
Region – Municipality Prizren - Malishevë 
Detonating company "Jaha Company" 
Date of blasting 20/03/2012 
Naming Symbol Total Unit
Row R.1 R.2 R.3 R.4 R.5 
Total drilling length Ld 240 240 240 240 240 1200 m'
Number of  holes nd 20 20 20 20 20 100 holes
Distance between holes a 2.8 2.8 2.8 2.8 2.8 m'
Distance between rows b 2.8 2.8 2.8 2.8 2.8 m'
Hole diameter dd 89 89 89 89 89 mm
Drilling angle Į,ɴ 63 63 63 63 63 0
Stemming ls 2.8 2.8 2.8 2.8 2.8 280 m'
Cartridge diameter  dc 89 89 89 89 89 mm
Cartridge length lc 50.00 50.00 50.00 50.00 50.00 cm 
Compression C 4% 4% 4% 4% 4% %
Explosive density  ȴ 0.85 0.85 0.85 0.85 0.85 g/cm3
Effective diameter of compression  d1 90.835 90.835 90.835 90.835 90.835 mm
Effective length of compression  l1 48 48 48 48 48 cm 
Drilling length  ld 12 12 12 12 12 m'
Volume of rock per hole Vh 83.802 83.802 83.802 83.802 83.802 m3
Average rock height  h 10.689 10.689 10.689 10.689 10.689 m'
Cartridge mass  qs 2.643 2.643 2.643 2.643 2.643 kg 
Calculated number of cartridges in hole nc 19.17 19.17 19.17 19.17 19.17 pcs.
Estimated number of cartridges  nec 19 19 19 19 19 pcs.
Filling length  lch 9.20 9.20 9.20 9.20 9.20 920 m'
Hole filling in m' Qm 5.51 5.51 5.51 5.51 5.51 kg/m 
Filling of a hole  Qh 50.65 50.65 50.65 50.65 50.65 kg 
Specific consumption of EXP. qsch 0.60 0.60 0.60 0.60 0.60 0.60 kg/m3
Total filling amount with EXP. Q 1013.013 1013.013 1013.013 1013.013 1013.013 5065.1 kg 
Measure the volume of obtained V 1676.04 1676.04 1676.04 1676.04 1676.04 8380.2 m3
Volume from one meter drilling Vmd 6.98 6.98 6.98 6.98 6.98 6.98 m3/m 
Figure 1: The schematic pattern of drillings 
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Figure 2: The profile A - A
Blasting field plan Variant II 
The blasting field is in the form of a rectangle with following dimensions: length of the field is L = 56 m, 
the width Lt = 14 m, and the height is h = 10 m.
The said field has five drilling rows, with 20 holes in the row. The field in this exploitation place has in 
total 100 drillings with the 10.5 meters depths. The burden is appropriated W = 2.80 m, the distance between 
rows is appropriated b = 2.80 m, the distance between drillings in the row is appropriated a = 2.80 m, the angle 
of drillings is appropriated ȕ = 900, and drilling diameter is appropriated dd = 89 mm.
For this case is prepared the schematic presentation of the field with drillings, and in this are presented 
surface parameters of the drillings, they can show in Figure 3. Also is prepared the profile of field with drillings 
and are presented drilling parameters, they can show in Figure 4, below. 
For this filed below in Table 2. are presented calculations with software MS Excel, for: 
1. Total length of drilling 
2. Quantity of explosive 
3. Blasted volume
4. Specific charge and 
5. Blasted volume from one meter of drilling 
Figure 3: The schematic pattern of drillings  
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Figure 4: The profile B - B
Table 1: Detonation specifications for exploitation place in Bellanica 
Project "Kosovo Motorway Project" 
Region – Municipality Prizren - Malishevë 
Detonating
company "Jaha Company" 
Date of detonation 04/04/2012 
Naming Symbol  Total Unit
Row R.1 R.2 R.3 R.4 R.5 
Total drilling length Ld 240 240 240 240 240 1200 m'
Number of  holes nd 20 20 20 20 20 100 holes
Distance between holes a 2.8 2.8 2.8 2.8 2.8 m'
Distance between rows b 2.8 2.8 2.8 2.8 2.8 m'
Hole diameter dd 89 89 89 89 89 mm
Drilling angle Į,ɴ 90 90 90 90 90 0
Stemming ls 2.8 2.8 2.8 2.8 2.8 280 m'
Cartridge diameter  dc 89 89 89 89 89 mm
Cartridge length lc 50.00 50.00 50.00 50.00 50.00 cm 
Compression C 4% 4% 4% 4% 4% %
Explosive density  ȴ 0.85 0.85 0.85 0.85 0.85 g/cm3
Effective diameter of compression  d1 90.835 90.835 90.835 90.835 90.835 mm
Effective length of compression  l1 48 48 48 48 48 cm 
Drilling length  ld 12 12 12 12 12 m'
Volume of rock per hole Vh 94.080 94.080 94.080 94.080 94.080 m3
Average rock height  h 12.000 12.000 12.000 12.000 12.000 m'
Cartridge mass  qs 2.643 2.643 2.643 2.643 2.643 kg 
Calculated number of cartridges in hole nc 19.17 19.17 19.17 19.17 19.17 pcs.
Estimated number of cartridges  nec 19 19 19 19 19 pcs.
Filling length  lch 9.20 9.20 9.20 9.20 9.20 920 m'
Hole filling in m' Qm 5.51 5.51 5.51 5.51 5.51 kg/m 
Filling of a hole  Qh 50.65 50.65 50.65 50.65 50.65 kg 
Specific consumption of EXP. qsch 0.54 0.54 0.54 0.54 0.54 0.54 kg/m3
Total filling amount with EXP. Q 1013.013 1013.013 1013.013 1013.013 1013.013 5065.1 kg 
Measure the volume of obtained V 1881.60 1881.60 1881.60 1881.60 1881.60 9408.0 m3
Volume from one meter drilling Vmd 7.84 7.84 7.84 7.84 7.84 7.84 m3/m 
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The Variant II shown in Figure 4, can only be used when the rock excavating be in the middle of the 
highway track axis to a distance of 12 ÷ 15 m from the bench line that is foreseen to be left on the slope. The 
remaining part of the rock of 12 ÷ 15 m, when using Variant II, should be blasting by the method shown in 
Figure 5, also using contour drillings. 
Figure 5: The method of forming the bench with Variant II
Results
At the beginning, the Variant I of drillings is applied when the product drills are parallel to the contour 
drills, and then it is passed to the Variant II of drillings, when the product drills are 900 while the contour drills 
at the angle of projected bench. 
By applying Variant II is reached to have the specific charge of explosive much smaller compared to  
Variant I, based on the calculations made in Table 1 and Table 2. That results are presented on Figure 6. 
Figure 6: Specific charge values of the explosive depending on drilling variants 
Also with the application of Variant II it has been achieved to have a larger volume of blasted mass for 1 
m of drilling length. Where on this occasion it has been achieved that the opening of the trench is performed 
with smaller expense, compared to Variant I. These results are presented in Figure 7. 
0,6
0,54
SpecificchargeVariantI[kg/m^3] SpecificchargeVariantII[kg/m^3]
Specificchargeofexplosive
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Figure 7: Blasted volume from 1 m of drill, depending on drilling variants 
Conclusion
To build road infrastructure it is imperative to have professional knowledge in the implementation of road 
projects, the use of explosive, on initiation systems of explosives and the selection of drilling equipment. 
From what has been elaborated above, it is seen that at the beginning of the drilling and blasting 
process in Bellanica, the Variant I was used to carry out the blasts, and later it was passed to Variant II. 
The disadvantages of Variant I, are: greater volume of drilling and blasting works, greater consumption 
of explosives and initiating means, greater time for project completion and lower utilization of drilling length. 
The advantages of Variant I, are: keeping the designed angle of the bench even during the works and lower 
risk of demolition of the bench. 
The disadvantages of Variant II, are: lower stability of the bench and not keeping the projected bench 
angle during the drilling and blasting works. While the advantages of Variant II, are: less consumption of the 
explosives and initiating means, less volume of drilling and blasting works, less time to complete the project 
and greater use of drilling length. 
Looking at the disadvantages and advantages of each method, it turns out that Variant II it is more 
reasonable to use, because it is more economical and enables project completion for a shorter time.
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